Background
Introduction
Institute (NHRI) (http://nhird.nhri.org.tw/en/index.htm), which consists of standard computerized claims documents submitted by medical institutions seeking reimbursement through the National Health Insurance (NHI) Program. During 2007, 98.4% of Taiwan's approximately 22.96 million people were enrolled in this program. The accuracy and validation of NHIRD data are based on regular auditing of claims by the NHI Bureau [17, 18] . False reimbursement claims result in substantial penalties. Minor infractions involve fines of 100 times the amount of the false claim, while serious infractions may result in revoking physicians' licenses or criminal charges. This study was approved by the Ethics Institutional Review Board of Chang Gung Memorial Hospital (103-6077B).
Analysis Cohort
We assembled a cohort of all adults in Taiwan who received a diagnosis of AMI between January 1, 1997 and December 31, 2011. The exclusion criteria were 1) patient age under 18 years old, 2) patients who did not receive revascularization such as PCI and CABG, 3) patients who did not fit the definition of severe CS, as described in the next section. Then they were divided into the IABP or Nonusers group according to the procedure codes used during the index admission. The final analysis cohort used for the primary end point consisted of all individuals meeting these criteria who had severe CS, as defined below.
Definition of Severe Cardiogenic Shock
Severe CS was defined as receiving high dose dopamine during the index admission. According to the IABP-SHOCK II study, the median dosage of dopamine was around 4μg/kg per minute [15] . In the literature, over 5μg/kg per minute of dopamine is considered a high dose level [19] . Therefore, we defined severe CS as use of dopamine doses over 440mg (approximately 5μg/kg per minute for a 60kg adult for one day) to stabilize hemodynamics during the index admission. We have applied this inclusion criterion in our previous study [20] .
Study outcomes
The primary outcomes consisted of cardiovascular death, recurrent MI and cerebrovascular accident (CVA) during the follow-up period. Our definition of cardiovascular death meets the criteria of the Standardized Definitions for End Point Events in Cardiovascular Trials draft by the U.S. Food and Drug Administration [21] . Death and causes of death were determined according to the registry data in the NHIRD [17, 18] . Repeat coronary revascularization during follow-up, including PCI and CABG, was also recorded. Each outcome of time to event was analyzed during a short-term follow up (1 month) and a long-term follow up (until the last follow up). Secondary outcomes (in-hospital events) included new onset of dialysis, stroke, pneumonia, intubation, sepsis and ECMO support during the index AMI hospitalization.
Confounding variables
We took demographic factors including age and gender into account. Medical history, including prior MI, prior stroke, prior coronary intervention, prior carotid stenosis and prior peripheral artery disease, were identified by procedure codes and International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9CM) diagnosis codes (S1 Table) . Other comorbidities, the numbers of vessels targeted for intervention and dosage of dopamine and norepinephrine were also recorded (Table 1) .
Propensity Score Matching Analysis
To simulate a randomized trial, we used propensity score matching (PSM) to reduce potential confounding and selection biases [18, 22] . We estimated the propensity score for each patient by modeling the probability of receiving IABP given the following covariates: age, sex, history of MI, stroke, peripheral artery disease (PAD), PCI, CABG, and carotid stenting, other history of comorbidities such as hypertension, dyslipidemia, diabetes mellitus (DM), CAD, heart failure (HF), chronic kidney disease (CKD), dialysis, atrial fibrillation, gout, chronic obstructive pulmonary disease (COPD) and malignancy, numbers of intervened diseased vessels, and dose of dopamine and norepinephrine, as well as indexed year, which are all listed in Table 1 . We subsequently used the derived propensity scores to match the 9,295 IABP users with 12,711 nonusers. The PSM matching algorithm was based on the nearest-neighbor method and used the caliper radius (set as 0.5 sigma), which signifies the tolerance level for the maximum distance in the propensity score. Finally, a total of 7,044 IABP users met the criteria. The matching procedure was performed with SAS Version 9.3 (SAS Institute, Cary, NC).
Statistical Analysis
To compare clinical characteristics between study groups (IABP users and nonusers), we used chi-square test for categorical variables and independent sample t-test for continuous variables.
We compared time to the first event of composite primary outcomes (as well as revascularization outcomes) after index hospitalization between study groups using multivariable Cox proportional hazard models with adjustment of the propensity score. The incidence of secondary outcomes (in-hospital events during the index hospitalization) between study groups was compared by multivariable logistic regression analysis with adjustment of the propensity score. All data analysis used IBM SPSS software version 22 (IBM SPSS Inc, Chicago, Illinois). Table 1 demonstrates the baseline patient characteristics before and after PSM analysis. The study identified a total of 249,354 patients who were admitted for AMI. We excluded 192,083 patients who did not meet the definition of severe CS, 34,357 patients who did not receive revascularization, 896 patients with repeated admissions, 5 patients of young age (<18 years) and 7 patients whose gender was unknown. The final analysis cohort consisted of 22,006 adult patients, of whom 9,295 were treated with IABP and 12,711 were treated without IABP (Fig 1) . Before PSM analysis, patients who received IABP treatment were more likely than nonusers to be younger and male. These patients were less likely to have history of MI, stroke and PAD, and less likely to have received PCI before. In addition, they were also less likely to have hypertension, dyslipidemia, DM, CAD, HF, CKD, dialysis, gout, COPD and malignancies. However, these patients were prescribed higher doses of dopamine. After PSM matching, 7,044 IABP users were successfully matched to nonusers (Fig 1) . The distribution of clinical characteristics between IABP users and nonusers was similar after PSM matching. The median age in both groups was 70 years. About 73% of patients were male. 64.4% of patients in IABP group received PCI for the treatment of AMI with cardiogenic shock and 65% of patients in Nonuser group received PCI. There was no difference between two groups. The median dose of dopamine given to IABP users and nonusers of IABP was 2000 mg, which was equal to 7.7μg/kg per minute for a 60 kg patient over three days. The median follow up time was 0.7 years in IABP users and 1.6 years in nonusers.
Results

Patient characteristics
Primary outcomes during the short-term and long-term follow-up Table 2 displays the results of primary outcomes. Composite primary outcome events occurred in 3187 patients (45.2%) in the IABP group and 2403 patients (34.1%) in the Nonuser group (Hazard ratio (HR) = 1.56, 95% confidence interval (CI) = 1.48-1.64, p<0.001). We found a higher cardiovascular death rate in the IABP group than the Nonuser group (36.9% versus 24%, p<0.001), and a higher recurrent MI rate in the IABP group than the Nonuser group (7% versus 6.9%, p = 0.001); however, the rate of CVA was similar between the two groups (HR = 1.03, 95% CI = 0.9-1.19, p = 0.654).
Secondary outcomes (in-hospital event during the index AMI hospitalization) The results for in-hospital events are revealed in Table 3 The results of revascularization are shown in Table 4 . The occurrence of repeat PCI in 30 days was similar in the IABP group and the Nonuser group (HR = 1.17, 95% CI = 0.92-1.48); however, more patients needed further CABG in the IABP group than in the Nonuser group (HR = 2.41, 95% CI = 1.62-3.57). During the follow-up period, patients treated with IABP were at greater risk of receiving repeated revascularization than those who did not receive IABP treatment (HR = 1.19, 95% CI = 1.10-1.28).
Discussion
This study is based on the analysis of a nationwide database in Taiwan. Our results demonstrate that IABP did not improve cardiovascular outcomes, including recurrent MI, CVA or cardiovascular death, in patients with severe CS undergoing coronary revascularization, not at 30 days or over the full course of follow up. Furthermore, we found a higher incidence of recurrent MI and cardiovascular death in IABP users. On the other hand, IABP unexpectedly decreased in-hospital events including dialysis, new onset of stroke, pneumonia and sepsis, a finding not identified by previous studies [15, 23] . Using IABP remains a reasonable treatment choice for patients with profoundly unstable hemodynamics as it reduces in-hospital events, though not mortality. Combination therapy using other mechanical assistive devices with IABP may provide better outcomes.
In our study, patients received approximately twice as much dopamine as patients in the IABP-SHOCK II study (7.7 mcg/kg per minute versus 4 mcg/kg per minute). Under these worse circumstances, the more unstable hemodynamics is reasonably considered in patients with IABP treatment than those without IABP treatment. Besides higher rates of repeat revascularization and higher incidence of CABG in the IABP group may indicate that IABP users might have worse coronary artery condition than nonusers. More unstable hemodynamic status and critical coronary lesions may cause poorer primary composite outcomes in IABP users, especially cardiovascular outcomes, including recurrent MI and cardiovascular death (Fig 2) . Our findings are also consistent with those of a US study from the Nationwide Inpatient Sample Database which suggested that patients who received IABP had substantially higher risk of shock compared with those who did not receive IABP, and it was associated with markedly higher mortality rates [14] . Although IABP can improve coronary flow and reduce afterload [10, 11, 24] , it could not mitigate the poor outcomes in patients with severe CS. Then other mechanical assist devices such as ECMO and percutaneous LVAD were developed to provide stronger hemodynamic support [7, 25] . Nevertheless, a meta-analysis of controlled trials showed that percutaneous LVAD did not improve 30-day mortality compared to IABP and there are no randomized study data available for use of ECMO in patients with AMI and CS [26, 27] . Therefore, it is reasonable that combination therapy incorporating IABP and other mechanical assistive devices might be a useful solution. Unlike venoarterial ECMO which provides continuous and backward blood flow from the descending aorta to the left ventricle, IABP can augment forward pulsatile blood flow according to the cardiac cycle. The combined use of these two devices may offer greater benefits to patients with severe CS [28] [29] [30] . Moreover, a substudy of the CRISP-AMI trial also revealed that IABP decreased six-month mortality in large anterior myocardial infarctions complicated by persistent ischemia after PCI [31] . IABP may still have a role in the treatment of compromised hemodynamics and complicated CAD. According to the IABP-SHOCK and IABP-SHOCK II trial, using IABP in patients with CS did not improve renal function or other in-hospital events [15, 23] , but in our study, patients receiving IABP had lower incidence of new dialysis than those who did not receive IABP. Previous studies demonstrated that IABP can increase eGFR by approximately 16 mL/min/ 1.73m2 [32, 33] . LVAD combined with IABP may preserve more renal function [34] . This renal protection effect may be more important for patients with severe CS than those with mild to moderate CS to decrease the likelihood of needing dialysis. Moreover, IABP can also enhance approximately 16 to 43% of cerebral blood flow in human beings [35, 36] . This neuroprotective effect may be the reason for the decreased incidence of stroke during hospitalization among the IABP users in our study. However, there was no significant difference between the two groups in overall risk of CVA in long-term follow up. On the other hand, our study suggested lower incidence of pneumonia and sepsis in IABP users. In the SHOCK trial, median systemic vascular resistance (SVR) was within the normal range under vasopressor therapy during CS, which means that SVR may be low in some patients, similar to septic shock [37] . In fact, sepsis was suspected in 18% of the SHOCK trial cohort, 74% of whom developed positive bacterial cultures [37] . These findings are consistent with the observation that MI can cause systemic inflammatory response syndrome (SIRS) and suggest that inappropriate vasodilation, which is an aspect of SIRS, results in impaired perfusion of the intestinal tract, enabling transmigration of bacteria and sepsis. Interlukin-6, tumor necrosis factor-α and other circulating factors (complement, procalcitonin, neopterin, C-reactive protein, and others) have been reported to contribute to SIRS in CS [1, 38, 39] . IABP improves coronary and peripheral perfusion via diastolic balloon inflation and augments LV performance via systolic balloon deflation with an acute decrease in afterload, which may mitigate the severity of SIRS and consequently decrease the risk of sepsis [1] . Our results suggest that IABP has indisputable hemodynamic benefits in patients with severe CS, which include reducing the incidence of dialysis, stroke, pneumonia and sepsis. It may still be reasonable to use IABP in patients with severe CS even if it does not ultimately lower mortality. Therefore, using IABP in the treatment of cardiogenic shock is the class IIa recommendation in the American Heart Association and American College of Cardiology practice guidelines; nevertheless, it is the class IIb recommendation in ESC guideline [40, 41] . In the meanwhile, further investigation of the role of IABP and combination therapy with other mechanical assistive devices in the treatment of complicated coronary artery disease and CS is merited.
Study Limitations
Our study, based on data retrieved from Taiwan's NHIRD, may provide useful information about the effects of IABP in AMI patients with severe CS, but it nonetheless has some limitations. First, Taiwan's NHIRD does not record certain types of personal information for our patients, such as family history of cardiovascular disease, lifestyle or laboratory parameters, including serum lactate and B-type natriuretic peptide (BNP), which could contribute to a more detailed analysis. Furthermore, the scoring system for severity of coronary artery disease such as SYNTAX score was unavailable in NHIRD and this database only notes the events of revascularization without etiology or location of culprit lesions, so it was difficult to distinguish between target lesion revascularization/target vessel revascularization and staged revascularization. In the meantime, we may include few amount of very ill patients suffering from AMI, pneumonia or other sepsis complicated with cardiogenic and septic shock undergoing treatment of high dose inotropic agents. Besides we cannot clarify the treatment duration of dopamine, the concentration of dopamine solution and the adjusted dosage of dopamine during the treatment course, whereas it is reasonable to use a total dose of dopamine for evaluation of disease severity. Therefore, we have applied this model in our previous study [20] . Second, the quality of data in the NHIRD is dependent upon the accuracy and completeness of documentation and abstraction. Potential confounding introduced by overcoding or undercoding cannot be completely eliminated; however, Taiwan's NHI uses a systematic formula for auditing claims and the penalties for false claims are high. The data in the NHIRD are considered to be reliable and validated and have been used in many prior studies [17, 18] . Third, we cannot exclude the possibility that residual measured and unmeasured confounding variables might account for differences we observed despite well PSM analysis and multivariable adjustment.
Fourth, selection bias affecting physician decision-making and IABP placement decisions may affect our findings although we did adjust for multiple baseline differences.
Conclusion
The use of intraaortic balloon pump in patients with myocardial infarction and severe cardiogenic shock undergoing coronary revascularization did not improve the outcomes of recurrent myocardial infarction, cerebrovascular accident, and cardiovascular death during the followup periods. However, it did reduce the incidence of dialysis, stroke, pneumonia and sepsis during hospitalization.
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